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REFERENCE VALUES FOR 6-MINUTE
WALK TEST AND HAND-GRIP STRENGTH IN
HEALTHY HONG KONG CHINESE ADULTS
Raymond C.C. Tsang,* MSc(PT), MMed Sc(Med Stat)
Abstract: This study aimed to establish reference values for the 6-minute walk test (6MWT) and hand-grip strength
(HGS) in healthy Hong Kong Chinese adults and to examine their test–retest reliability. There were 548 subjects
in five age strata between 21 and 70 years old. The 6MWT was administered and isometric HGS was measured
following standard protocols on two occasions separated by 3 days. The 6-minute walk distance (6MWD) was
measured once on each day. HGS was measured three successive times for both the dominant and non-dominant
hands on each occasion. Both the mean values (mean method) and the maximum values (maximum method) of
the three successive measurements were recorded for data analysis. Test–retest reliability was calculated in terms
of intraclass correlation coefficient (ICC), standard error of measurement (SEM), minimum detectable change
(MDC) and 95% limits of agreement (LoA). In the first test, mean ( standard deviation (SD) of 6MWD for males
and females were 635 ( 97 m and 573 ( 91 m, respectively; mean ( SD HGS (mean values) for dominant and
non-dominant hands were 43.8 ( 8.0 kgf and 40.8 ( 7.8 kgf for males, and 28.5 ( 5.7 kgf and 26.2 ( 5.5 kgf for
females, respectively, while mean ( SD HGS (maximum values) were 45.5 ( 8.1 kgf and 42.6 ( 8.1 kgf for males,
and 29.8 ( 5.8 kgf and 27.6 ( 5.6 kgf for females, respectively. There was a mean increase of 10.8 ( 50.0 m in
6MWD in the second test. The test–retest reliabilities of 6MWD were satisfactory (ICC[2,1], 0.87; 95% confidence
interval, CI, 0.84–0.89; SEM, 35.3 m; MDC, 97.8 m; 95% LoA, –87.9 to 108.6 m). The lower limit of the 95% CI
for the ICC of HGS measurements was 0.94. The SEM and MDC for HGS measurements ranged from 2.0–2.2 kgf
and from 5.5–6.2 kgf, respectively. The 95% LoA ranged from –6.7–5.6 kgf. This study established a set of reference
values for the 6MWT and HGS in a group of healthy Hong Kong Chinese subjects. Although the test–retest
reliabilities in terms of ICC for 6MWT and HGS measurement were satisfactory to high, the associated random
variations were large on repeated measurements. Physiotherapists should be aware of these random errors in the
evaluation of change in 6MWT and HGS. In the future, the normative values for 6MWT and HGS in Hong Kong
Chinese adults should be established with random sampling of subjects from the community.
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Introduction
The 6-minute walk test (6MWT) has been widely used to
assess the functional status of patients with
cardiopulmonary disorders [1], because it is convenient
to administer without the need for sophisticated
equipment and because its exercise level is similar to daily
physical activities. The test–retest reliability and criterion-
related validity estimates of 6MWT in different disease
groups have been reported to be satisfactory [2]. Reference
equations [3] and reference values [4] for 6MWT have
been established in healthy Caucasian adults.
Hand-grip strength (HGS) is a common measure for
documenting a patient’s hand function in physiotherapy.
It is also used as a predictor of disability and mortality
in the elderly [5,6]. To date, there is a paucity of reference
values for the 6MWT and HGS in the local population
following standardised guidelines, such as those
recommended by the American Thoracic Society
(ATS) [7], and the American Society of Hand Therapists
(ASHT) [8]. In this study, the aims were to establish
reference values for the 6MWT and HGS in healthy
Hong Kong Chinese adults and to examine the test–
retest reliability. The resulting reference values can
provide a basis for proper interpretation of the 6MWT
and HGS in patients.
Methods
Subjects
A convenience sample of 548 healthy volunteers from
all decades between 21 and 70 years old was recruited
from 22 hospitals and physiotherapy clinics of the Hospital
Authority from November to December 2003. Informed
consent was obtained from each healthy subject before
the study commenced. Subjects were excluded if they
had a history of cardiopulmonary disorder, exertional
chest pain, cardiac disease, hypertension, pregnancy or
musculoskeletal diseases affecting the upper limbs or
limiting their walking ability. Subjects with a resting pulse
rate higher than 100 beats/minute or oxygen saturation
less than 95%, measured using a pulse oximeter at the
beginning of the test, were also excluded.
Sample size estimation
The sample size estimation was based on 6-minute walk
distance (6MWD) in healthy subjects, which typically
had a mean of 600–700 m and a standard deviation of
100 m [4]. Based on the formula recommended by Chow
et al [9]:
n = [(Z1–_/2)
2
(SD)
2
]/e
2
the required number of healthy subjects was estimated
to be 385, with the level of significance (_) set at 0.05,
the standard deviation of the mean 6MWD (SD) equal
to 100 m and the maximum error in measuring the mean
6MWD (e) equal to 10 m. The estimated number was
increased by 20% to account for attrition and missing
values. The final estimated number of subjects required
was 462.
Data collection
Data obtained included demographic characteristics
such as age, gender, body weight and height, as well as
6MWD and isometric HGS measured three successive times
using the Jamar dynamometer (Sammons Preston Rolyan,
Bolingbrook, IL, USA) on two separate occasions (Days 1
and 4) by physiotherapists in each centre.
Test administration
The 6MWT was conducted according to a standard
protocol based on the guidelines recommended by the
ATS [7]. It was performed in a 15-m hallway or corridor
instead of a 30-m pathway, as recommended by the ATS
[7], which was not available in all participating centres
and hospitals. The 6MWT was administered twice, with
a separation of 3 days (Days 1 and 4), to assess the test–
retest reliability. Subjects were instructed to walk as far
as possible in 6 minutes. They were shown the modified
Borg Scale of Rate of Perceived Exertion (levels 0–10) [10]
and were instructed to keep the perceived exertion within
the levels 2 (weak/light) and 4 (somewhat strong) during
the test. Each subject was reminded of the time
remaining for test completion every minute by the
instructor in an even tone of voice.
HGS was measured on Days 1 and 4 according to a
standard protocol based on the recommendations of
the ASHT [8], using the second handle of the Jamar
dynamometer. The subject was instructed to be seated
with shoulder adducted and neutrally rotated, elbow
flexed 90$, forearm in mid-prone and wrist in neutral
to 30$ extension, with neutral radioulnar deviation.
The subject was required to squeeze the handle
maximally and to sustain this for 3–5 seconds. Three
successive measurements were taken for each
dominant and non-dominant hand with a rest
of 15–20 seconds between measurements. All
physiotherapists who administered the tests adhered
to the testing procedures supplied by the chief
investigator. The detailed testing procedures for the
6MWT and HGS measurement can be obtained from
the author on request.
Data analysis
The descriptive statistics of age, gender, body mass
index (BMI), 6MWD and HGS were recorded. HGS
measurements were recorded by taking the mean
(mean method) and maximum value (maximum
method) of the three successive trials for each subject.
Test–retest reliability coefficients were calculated in
terms of intraclass correlation coefficient (ICC) using a
two-way random-effects model [11], standard error of
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measurement (SEM) and minimum detectable change
(MDC) using SPSS 11.0 (SPSS Inc, Chicago, IL, USA).
The two-way random-effects model was used to allow
for any practice effect on the repeated measurements,
which would constitute a separate source of systematic
variance [12]. The 95% limits of agreement (LoA) were
calculated and Bland-Altman plots [13] were obtained
using MedCalc 4.2 (MedCalc Software, Mariakerke,
Belgium). The paired t test was used to compare the
difference in the 6MWD between Days 1 and 4. The
level of significance for the paired t test was set at 0.05.
Results
There were 226 males and 322 females in the study.
Their ages, weights, heights and BMI are shown in
Table 1. On Day 1, the highest mean 6MWD (651 m)
was found in the youngest age group in males and
decreased with increasing age (Table 2). In females, the
highest mean 6MWD (606 m) was found in the 31–40
years group, though a similar mean 6MWD (600 m) was
observed in the 21–30 years group. Mean 6MWD also
decreased with increasing age in females. Male subjects
always had a higher mean 6MWD than female subjects
in the same age group. The age- and gender-stratified
dominant and non-dominant HGS (mean and maximum
of three successive trials) on Day 1 are shown in Tables
3 to 6. HGS (both mean and maximum methods) was
highest in the 31–40 years group in both males and
females. With advancing age, HGS decreased.
The ICC, SEM, MDC and 95% LoA of the 6MWD
and HGS of dominant and non-dominant hands
(mean and maximum methods) on Days 1 and 4 are
shown in Tables 7 and 8. The mean 6MWD on Day 4 was
10.8 m higher than that on Day 1 (p < 0.001) (Table 7).
The ICC (2,1) for 6MWD was 0.87 (95% CI, 0.84–0.89),
while the SEM and MDC were 35.3 m and 97.8 m,
respectively, and the 95% LoA was 10.8 ( 97.9 m (–87.1–
108.6 m). The mean HGS in dominant and non-
dominant hands was slightly lower on Day 4 than Day
1 (about 0.5 kgf) (Table 8). The lower limit of the 95%
Table 1. Subjects’ age, weight, height and body mass index (BMI)
Mean ( SD Median Range
Age (yrs) 37.8 ( 10.9 36.0 21.0–70.0
Weight (kg) 59.4 ( 10.1 58.2 40.0–100.0
Height (m) 1.6 ( 0.1 1.6 1.4–1.9
BMI (kg/m
2
) 22.1 ( 3.1 21.7 16.6–38.7
Table 2. 6-minute walk distance (6MWD) on Day 1 (n = 542)
Subject 6MWD (m)
Age group Gender n Mean ( SD Minimum 25th percentile Median 75th percentile Maximum
21–70 M 223 635 ( 97 330 567 645 694 900
F 319 573 ( 91 333 516 570 636 905
21–30 M 80 651 ( 105 340 594 661 735 840
F 85 600 ( 84 347 538 613 655 825
31–40 M 78 645 ( 93 330 600 653 695 900
F 108 606 ( 86 365 545 609 660 905
41–50 M 38 623 ( 80 465 566 628 685 795
F 79 541 ( 67 333 509 545 582 769
51–60 M 23 588 ( 68 500 537 577 633 705
F 33 534 ( 89 380 461 545 578 765
61–70 M 4 484 ( 90 370 391 499 560 566
F 14 432 ( 54 350 393 427 460 554
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CI for all ICC of HGS measurements was 0.94. The SEM
and MDC of the HGS measurements ranged from
2.0–2.2 kgf and from 5.5–6.2 kgf, respectively, while
the 95% LoA ranged from –6.7–5.6 kgf.  The
heteroscedasticity correlations between the absolute
values of differences in 6MWD and HGS on Days 1 and
4 were all close to zero (Pearson r ) 0.1) and all the
differences in measurements on Days 1 and 4 were
approximately normally distributed [14]. No pattern of
heteroscedasticity was observed in any of the Bland-
Altman plots (data not shown).
Discussion
This is the first study to provide reference values for the
6MWT in healthy Hong Kong Chinese adults. It is
difficult to compare the results of the present study
directly with those of overseas studies because of several
methodological differences. In the study of Gibbons
et al [4], only the best 6MWD among four tests for 41
male and 38 female healthy subjects were reported. Their
mean best 6MWD for the 20–40 years, 41–60 years and
61–80 years age groups were 800, 671 and 687 m for
Table 3. Dominant hand grip strength on Day 1, mean of three measurements (n = 544)
Subject Dominant hand grip strength (kgf)
Age group Gender n Mean ( SD Minimum 25th percentile Median 75th percentile Maximum
21–70 M 224 43.8 ( 8.0 21.3 38.7 43.0 48.7 65.0
F 320 28.5 ( 5.7 4.2 25.1 28.7 32.3 44.3
21–30 M 80 43.6 ( 8.5 22.7 37.1 43.1 50.6 61.3
F 86 27.9 ( 5.7 15.7 23.9 28.0 31.3 40.3
31–40 M 80 45.7 ( 8.0 26.0 40.1 45.0 49.6 65.0
F 108 30.3 ( 4.7 18.3 27.3 29.7 33.3 43.3
41–50 M 36 42.9 ( 6.1 27.7 39.0 43.0 46.9 55.0
F 78 28.4 ( 4.9 15.3 24.7 28.7 32.7 37.0
51–60 M 24 40.4 ( 7.8 21.3 35.5 40.4 44.9 59.3
F 34 27.6 ( 6.4 15.0 22.6 27.8 31.5 44.3
61–70 M 4 36.2 ( 4.7 30.2 31.6 36.5 40.5 41.7
F 14 20.9 ( 8.5 4.2 12.6 24.0 27.3 30.0
Table 4. Non-dominant hand grip strength on Day 1, mean of three measurements (n = 544)
Subject Non-dominant hand grip strength (kgf)
Age group Gender n Mean ( SD Minimum 25th percentile Median 75th percentile Maximum
21–70 M 224 40.8 ( 7.8 19.3 36.0 40.8 45.3 72.3
F 320 26.2 ( 5.5 5.5 23.0 26.3 30.0 44.3
21–30 M 80 40.0 ( 8.7 19.7 34.4 40.2 45.2 72.3
F 86 25.6 ( 5.5 12.0 21.9 26.0 29.1 36.0
31–40 M 80 42.6 ( 7.7 19.3 39.0 42.8 47.3 70.7
F 108 27.6 ( 4.7 14.3 24.4 27.5 31.2 41.7
41–50 M 36 40.3 ( 5.9 25.3 37.4 40.3 43.8 50.7
F 78 26.5 ( 4.5 16.3 22.3 26.3 30.0 35.3
51–60 M 24 39.7 ( 6.0 31.7 34.3 39.0 44.3 54.0
F 34 25.2 ( 6.7 14.0 21.3 24.3 28.4 44.3
61–70 M 4 30.8 ( 2.3 28.5 28.6 30.8 32.9 33.0
F 14 19.9 ( 8.3 5.5 10.9 22.8 26.7 30.7
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Table 5. Dominant hand grip strength on Day 1, maximum value of three measurements (n = 544)
Subject Dominant hand grip strength (kgf)
Age group Gender n Mean ( SD Minimum 25th percentile Median 75th percentile Maximum
21–70 M 224 45.5 ( 8.1 22.0 40.0 45.0 50.0 66.0
F 320 29.8 ( 5.8 4.5 26.0 30.0 33.8 46.0
21–30 M 80 45.3 ( 8.6 25.0 39.3 45.0 51.8 66.0
F 86 29.3 ( 5.7 18.0 25.0 30.0 32.3 44.0
31–40 M 80 47.7 ( 8.0 26.0 42.0 48.0 52.0 66.0
F 108 31.5 ( 4.9 19.0 28.0 31.0 34.0 46.0
41–50 M 36 44.6 ( 6.2 31.0 39.6 45.5 48.8 56.0
F 78 29.7 ( 4.9 16.0 26.0 30.0 33.3 39.0
51–60 M 24 41.5 ( 7.7 22.0 36.5 42.0 46.3 60.0
F 34 29.0 ( 6.5 16.0 24.8 30.0 32.5 45.0
61–70 M 4 38.1 ( 5.7 30.5 32.1 39.5 42.8 43.0
F 14 22.4 ( 9.1 4.5 14.3 25.5 29.5 32.0
Table 6. Non-dominant hand grip strength on Day 1, maximum value of three measurements (n = 544)
Subject Non-dominant hand grip strength (kgf)
Age group Gender n Mean ( SD Minimum 25th percentile Median 75th percentile Maximum
21–70 M 224 42.6 ( 8.1 20.0 37.0 43.0 48.0 77.0
F 320 27.6 ( 5.6 5.5 24.0 28.0 31.0 45.0
21–30 M 80 42.0 ( 9.0 20.0 36.0 42.0 48.0 77.0
F 86 27.0 ( 5.5 12.0 23.8 27.5 30.0 40.0
31–40 M 80 44.0 ( 8.0 20.0 40.0 44.0 48.8 74.0
F 108 29.0 ( 4.7 16.0 26.0 29.0 32.0 42.0
41–50 M 36 42.1 ( 6.2 27.0 38.0 42.0 45.8 54.0
F 78 28.1 ( 4.7 17.0 25.0 28.0 31.0 38.0
51–60 M 24 40.9 ( 6.2 33.0 36.0 40.5 45.0 55.0
F 34 26.5 ( 6.9 14.0 22.0 27.0 29.5 45.0
61–70 M 4 31.4 ( 2.3 29.0 29.3 31.3 33.6 34.0
F 14 21.0 ( 8.9 5.5 11.3 24.0 28.0 34.0
Table 7. Intraclass correlation coefficient (ICC), standard error of measurement (SEM), minimum detectable
change (MDC) and 95% limit of agreement (LoA) for 6-minute walk distance (n = 536)
Mean ( SD (m)
ICC(2,1) (95% CI) p SEM MDC 95% LoA (m)
Day 1 Day 4 Difference p (m) (m)
599.1 ( 98.3 609.9 ( 99.9 10.8 ( 50.0 < 0.001 0.87 (0.84–0.89) < 0.0001 35.3 97.8 10.8 ( 97.9 (-87.1 – 108.6)
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males, and 699, 670 and 583 m for females, respectively.
These values are much higher than those obtained in
the present study for comparable age strata: the highest
mean 6MWD for the 21–40 years, 41–60 years and 61–70
years age groups were 651, 623 and 484 m for males
and 606, 541 and 432 m for females, respectively.
Practice effect may be one of the reasons for the higher
6MWD in the Gibbons et al study [4].
In the study of Enright and Sherrill [3], reference
equations for the 6MWD based on 117 male and 173
female healthy subjects were developed. However, only
the median 6MWD was reported. Their median 6MWD
for males (576 m) and females (494 m) were lower than
those in the present study (males, 645 m; females, 570 m),
but this discrepancy may be accounted for by the
older sample in their study. In the present study, a
shorter pathway (15-m) was used and this probably
caused a reduction in the measured 6MWD, as subjects
needed to make more turns during the test. There was a
learning effect in the 6MWD, with a mean increase of
about 11 m from Days 1 to 4, although a practice test
is not essential [7]. Both the MDC (97.8 m) and the
95% LoA (–87.1–108.6 m) of the 6MWD imply that
there were substantial random variations (i.e., as large
as 100 m) in these healthy subjects on repeated
measurements. When the 6MWT is used as an outcome
measure, this variability should be carefully considered
in the interpretation of any change in 6MWD.
The reference values for hand grip strength based
on the maximum of three successive trials in this study
are lower than those reported by Hanten et al [15].
This may be explained by a racial difference between
Chinese and Caucasians in HGS. Although the ASHT
recommends the mean method [8], the maximum
method has commonly been used by other investigators
[15,16]. In this study, the ICC obtained from both the
mean method (0.98) and maximum method (0.95) are
comparable to those reported in the studies of
MacDermid et al (0.90–0.93) [17] and Schreuders et al
(0.95) [18]. The MDC in the present study (5.5–6.2 kgf)
was also comparable to those reported by Nitschke et
al (5.7 kgf) [19] and Schreuders et al (7.4 kgf) [18].
The 95% LoA in this study (–6.7–5.6 kgf) is smaller
than that reported by Haidar et al (–8.3–8.0 kgf) [20],
who found that the 95% LoA of both the mean and
maximum methods were similar. In our study, the
mean method gave a slightly higher test–retest
reliability than the maximum method in terms of
higher ICC and smaller SEM, MDC and 95% LoA
(Table 8). As the random error associated with repeated
measurements of HGS was as large as 6 kgf, this error
should be taken into consideration in the evaluation
of any change in HGS.
The major limitation of the present study was that
the healthy volunteers recruited from the hospitals and
physiotherapy clinics would not be representative of
subjects recruited from the community. Although 6MWT
and HGS data in this study cannot be regarded as the
norms of Hong Kong Chinese, they can still serve as
reference values, against which physiotherapists can
compare the measurements in their patients. Finally, as
there were many fewer subjects in the 61–70 years age
group, these reference values should be interpreted with
some caution.
Conclusion
A set of reference values for 6MWT and HGS in a group
of healthy Hong Kong Chinese subjects was established.
Although the test–retest reliabilities in terms of ICCs for
6MWT and HGS were satisfactory to high, the associated
random var ia t ions  were  l a rge  on  repea ted
measurements. Physiotherapists need to pay attention
to these random errors in the evaluation of changes in
6MWT and HGS. In the future, the norms for 6MWT
and HGS in Hong Kong Chinese adults should be
established with random sampling of subjects from the
community. The use of the mean method of recording
HGS is recommended for its higher reliability.
Table 8. Intraclass correlation coefficient (ICC), standard error of measurement (SEM), minimum detectable
change (MDC) and 95% limit of agreement (LoA) for hand grip strength (n = 536)
Mean ( SD (kgf) ICC
p
SEM MDC
95% LoA (kgf)
Day 1 Day 4 (95% CI) (kgf) (kgf)
Mean values
Dominant hand 34.7 ( 10.2 34.2 ( 10.2 ICC(2,3) 0.98 (0.97–0.98) < 0.0001 2.0 5.6 –0.6 ( 5.6 (–6.2–5.1)
Non-dominant hand 32.1 ( 9.7 31.7 ( 9.7 ICC(2,3) 0.98 (0.97–0.98) < 0.0001 2.0 5.5 –0.4 ( 5.5 (–5.9–5.1)
Maximum values
Dominant hand 36.2 ( 10.4 35.7 ( 10.3 ICC(2,1) 0.95 (0.94–0.96) < 0.0001 2.2 6.2 –0.6 ( 6.1 (–6.7–5.6)
Non-dominant hand 33.7 ( 10.0 33.3 ( 10.0 ICC(2,1) 0.95 (0.94–0.96) < 0.0001 2.2 6.0 –0.4 ( 6.0 (–6.4–5.6)
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